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8 Claims.

The present invention relates to new and useful
improvements in vehicle control systems, and
more particularly to improvements in flight con-
trol mechanism for alrcraft ha.vmg more than
one engine.

In operation of a multi-engine a1rp1ane asym-
metric flicht conditions result from the.failure,
stoppage or slowing down of an engine or en-
gines on one side of the center axis of the air-
plane. Such conditions are caused by differential :

_or unbalanced thrust influences exerted by the
‘propellers driven by the engines and result in a
tendency for the airplane to turn toward the
side. of the lesser or zero engine thrust under

the influence of the greater thrust of the engine -

-or engines on the other side of the airplane. ‘This

asymmetric power condition may be correcied by
_applying compensating rudder forces but in cer-
tain types of aircraft, the necessary forces to
be applied are excessive and tiring on the pilot
when continued flisht is to be maintained.

‘With the foregoing in mind, one of the princi-
pal objects of the present invention is. fo effect
‘automatic correction of turning tendencies of a
multi-engine airplane under asymmetric power
_conditions. -

Another object of the present invention is to
automatically apply corrective rudder or. tab
forces to compensate for unbalanced thrust con-
ditions in asymmetric power flight.

A further object of the invention is to. also. ef-(

fect automatic shifting of the propeller blades of
the inoperative engine or engines from a wind-
milling to a feathered position in order to improve
flight conditions.

A still further object of the invention is to ef-
fect the aforesaid control of flight by means re-
sponsive to ‘airflow pressure differentials result-
ing from asymmetric power conditions.
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Referring more in detail to the accompanying
drawings, and particularly at this time to Fig. 1
thereof, the invention is illustrated in connection
with a more or less conventional type of twin en-
gine airplane having a fuselage 10, wings (1, lfa,
elevator control surfaces 12, 12¢ and a fin {3 and
rudder 14 assembly of conventional form and in-
cluding a rudder tab 14a. The airplane is illus-

. trated as including twin left and right engines

{5, 15z having conventional propellers 16, 16a,
respectively, although the invention may be ap-
plied to any multi~engine airplane. -The propel-
lers are of the type which may be feathered and
to this end they carry bevel gears i1, {1a, respec-

15. tively, which are in mesh with driving bevels 18,
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The invention still further aims to provide -a 40

control mechanism of the above type which is rel-~

atively simple in construction and thorouOth ef-
fective in operation.

The above and other chjects of the invention
will in part be obvious and will be hereinafter-

“more fully pointed out.

In the accompanying drawings:

Tig. 1 is a diagrammatic fragmentary plan view
showing the lay out of the control mechanism.

Fig. 2 is an enlarged longitudinal section of the -

pressure responsive means for controlling opera-
- fion of the rudder or tab surface.
Fig. 3 is. an enlarged longitudinal section of the

left pressure responsive means for . initiating -
B

_i‘eathermg of the propeller . bladbs
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{8a, respectively. The driving.bevels may be
driven by an electric motor 19, 19¢ or other suit-
able power mechanism, the operation of which is
well known in the art but will be hereinafter
br1eﬂy referred to.

Continuing reference to the - diagrammaitic
showing of  Fig. 1, there are provided impact
heads, 20, 20a at the leading edges of the wings
i1, l1a, respeciively, and these heads are located
outside of the path or area of the forced airstream
immediately behind the propellers. Located in
the propeller slipstream are additional impact
heads 21, 21a behind the propellers {6, (6a, re-
spectively, so that the forced airstream. caused
by the propellers is picked up- by these heads.
The heads 20, 20e are connected by conduits 22,
22a respectively to the outboard ends of the
feathering control units 23, 23a¢, respectively,

-which will be hereinafter described. The heads

2i, 2ia, are joined to further conduits 24, 24a,
respectively. The conduit 24 communicates with
the inboard end of the control unit 23 associated
with the left engine 15 and is connected to a con-
trol unit 25 which will be described below and
which controls or initiates. actuation of the rud-
der or tab. Similarly, the conduit 24a is connect-
ed to the control unit 25 and to the inboard end
of the control unit 23a¢ associated with the right
engine i5a. ’

Both. feathering control units are identical so
that the description of the unit 23, references
being had to Fig. 3 of the accompanying draw-
ings, will suffice. This unit includes a cylindri-
cal casing 26 having externally threaded ends
to receive by threaded . engagement therewith
end closure members 27, 27a. The casing has

-~ g liner of two cylindrical sections 28, 28a.be-

tween which is fixed a transversely disposed
plate 28 having fluid apertures 30 therethrough,

5 and a centlally located grommet 31 of insulating
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material. The grommet 3! serves as a guiding
bushing for a reciprccable stem 32 carrying 2
contact plate 33 at its free end and having the
opposite end thereof secured in suitable man-
ner to the inner closed end of a bellows type
piston 34 adapted to be moved longitudinally of
the casing. The opposite end of the bellows is
flared outwardly and clamped between the clos-

[N

ure 271 and the adjacent end of the liner 28. .

Under certain conditions of operation, as will be

10

hereinafter pointed out, the plate 33 will contact -

and close the circuit between the electric leads
35, 35¢ which extend through an insulating plug
35 in the closure 27¢. The leads are connected
by electric circuit means, as shown diagrammati-
cally in Fig. 1, to the feathering motor 19. A
coil spring 37 is dispesed within the bellows and
bears longitudinally against the closed end
thereof. The opposite end of the spring abuts
and is centered on a plate 38 carried at the inner
end of an adjusting screw 39 passing through
the closure 21. '

The rudder or tab control unit 25 is illustrated
‘in one form, as shown in Fig. 2, and includes a
housing 42. A lever 43 extends into the housing
and is pivotally mounted thereon, as at 44. The
inner end of the lever is provided with a loop,
portion 45 to which the inner ends -of opposed
coil springs 46, 46a are connected. The outer
ends of the coil springs are connected to anchor
rods 47, 47a, which, in turn, are secured and
may be adjusted by wing nuts 48, 48a, respec-
tively. A pair of bellows 49, 48¢, are also mount-~
ed within the housing in axial alignment with
one another and are connected at their  inner
closed ends by a rod 5. In order to permit
movement of the lever in response to movements
of the bellows, the rod 58 is provided with a
pin 51 extending through a slot 52 extending
longitudinally of the lever which carries at its
outer free end a segmental rack 34. The bel-
lows 48, 48¢ are in communication at their outer
fixed ends with the conduits 24, 24a, respectively.

Assuming the-airplane to be in balanced flight

with both engines exerting the same thrust, it

namic pressure at the leading edges of the wings
and that the heads 21, 2ia pick up the increased
pressure induced by the propellers 16, 16a, re-~
spectively. Under such flight conditions, the
greater pressures picked up at the heads 21, 2ic
are directed by conduits 24, 28¢ to the inboard
ends of the casings of the control units 23, 23¢,
respectively, and thus, acting against the impact
pressures.set up within the bellows from the im-
pact heads 208, 2fa serve to move the bellows
toward collapsed positicn in order to maintain
the contact leads open so that the feathering
motors {9, {8a remain inoperative. Similarly,
“the equalized combined pressures in conduits
24, 24a are directed to the bellows 49, 49¢ in the
control unit 25 so that these bellows are balanced
against each other through the rod 56 and the
lever 43 remains in a central position offering
no influence on the rudder or tab control mech-
anism. -
"~ Assume now that the left motor 5 fails dur-
ing flight. When this condition exists, the pres-
sure in conduit 24 which is connected to the head
21, drops, and with it the pressure within the
bellows 49, so that the bellows 49 of the control
unit 25 will be urged toward a collapsed posi~
tion under the relatively stronger influence of the
_bellows 4%a¢. Thus, through the connecting rod
50, the lever 43 will be shifted in a counter-clock-
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wise. direction, as viewed in Figs. 1 and 2, and
this will act through the rack 43a to shift a con-
trol valve 53 .of any suitable type (not shown
in detail). which is'adapted to conirol the supply
of fluid under pressure from the fluid pressure
lines 54, 54a to the cylinders for the hydraulic
pistons 55, 55a. This selective control is of con-
ventional form and is such as to apply the re-
quired amount of corrective rudder forces
through the cables 56, 56a which are connected
to the horns 57, 51a, respectively, of the rudder
14. Similarly, the control may be through con-
ventional mechanism to. the ‘rudder tab i4a, if

-desired. Under the assumed conditions, right

rudder will be applied by retraction of the piston
55¢ and corresponding extension of the piston

95 in order to maintain straight flight of the air-

plane without the necessity of the pilot exercising
such control. As soon as the engine power has
been cut off, the pressure picked up at the head
2{ will drop below the dynamic pressure picked
up at the head 20 so that during the application
of right rudder forces the pressure within the in-
board end of the casing of the control unit 23
will drop. Under this condition, the pressure
within the bellows 34, being impact pressure at
the head 20, will cause the bellows to expand un-
til ultimately the plate 33 will close the contact
between the electric leads 35, 35¢ and thus close
the circuit to the feathering motor 19 which will
then act through the gears 7, (8 to rotate the
blades of the propeller {6 from a windmilling to
a -feathered position so as to further decrease
resistance offered to straight flight of the air-
plane. After the propeller blades have been
feathered, the pressure in the conduits 22, 24
will become approximately equal and the slight
rise in the pressure created after feathering in
the conduit 24 will tend to slightly expand the
bellows 48 so asto reduce the original amount of
the setting of right rudder. Thus, as the blades
of the inoperative engine are feathered and the
resistance to forward motion of the plane reduced,
a slightly lesser rudder angle is required to main-
tain straight flight and this correction-is auto-
matically accomplished by the mechanism. de-
scribed. '

From the foregoing description, it will be seen
that the present invention provides a highly ef-
fective mechanism operable in response to pres-
sure variations under various conditions for hold-
ing a straight course when an engine stops with-
out necessitating the application of rudder force
by the pilot. The arrangement will also auto-
matically apply required changes in rudder force
as the power on the operative engine or engines
is varied in accordance with pressure variations
in the tube heads behind the propellers. The re-
quired change in rudder force is also applied as
the result of airspeed variations during asym-
metric power flisht conditions.  Similarly, dur-
ing the landing approach, the arrangement will
supply the required rudder force with change in
power of the operative engine or engines and
when the engine or engines are cut out during
landing. Also, if an engine fails shortly after
take off, the propeller will be. automatically
feathered and the pilot will experience little or
no rudder force change.

The device may be pre-set to give zero rudder
force for any desired flight conditions and may
be connected to the throttle controls so that it
will operate only when the throttles are forward
of a predetermined position and so that the
propeller will feather at a predetermined per-
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cent of -normal rated power. -A conventional on
and -off main switch may be-incorporated for
ready aceess to-the pilot.

“While one form of ‘the invention hasbeen
shown for purposes of iHustration, it is to be
-clearly understood that various changes-in the
details of construction, arrangement of parts
and mode of operation may be accomplished
‘without departing from the scope of the inven-
tion as set forth in-the appended claims.

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
.thereon or therefor. '

I claim:

1. In an aircraft having a plurality of laterally
disposed engines with propellers driven thereby
and a steering control surface, a plurality of im-
pact heads located in the slipstreams of said pro-
pellers, respectively, means communicating with
said heads and responsive to pressure differentials
created by unbalanced thrust forces exerted by
the propellers for shifting said control surface
to compensate for the unbalancing, and pressure
responsive means communicating with said heads
and operable upon failure of an engine for feath~
ering the propeller blades of the inoperative en-
gine to reduce the pressure differential on the
first-mentioned responsive means.

2. In an aircraft having a plurality of laterally
disposed engines with propellers driven thereby
and a control surface, an impact head positioned
in the slipstream of each of said propellers, means
communicating with the heads and responsive
to pressure differentials therebetween for shift-
ing said control surface to compensate for any
unbalance, and individual means communicating
with each of the heads and responsive 10 a pre-
determined change in pressure differential be-
tween the slipstream pressure and the dynamic
pressure adjacent the  associated propeller for
feathering the propeller to thereby reduce the
pressure differential on the first-mentioned re-
sponsive means.

3. In an aireraft having a plurality of laterally
disposed engines with controllable pitch propel-
lers driven thereby and a control surface, an im-
pact head positioned in the slipstream of each
of said propellers, means communicating with
the heads and responsive to pressure differentials
therebetween for shifting said control surface
to compensate for any unbalance, and motive
means operatively connected with said propellers
and responsive to a predetermined change in
pressure differential between the slipstream pres-
sure and the dynamic pressure adjacent each
propeller for feathering the associated propeller
thereby to reduce the pressure differential on the
first-mentioned means.

4. In an aireraft having a plurality of laterally
disposed engines with controllable pitch propel-
lers driven thereby and a control surface, pres-
sure responsive means positioned in the slip-
stream of each of said propellers, means com-
municating with the first-named means and re-
sponsive to pressure differentials therebetween
for shifting said control surface to compensate
for any unbalance, and motive means connected
with said propellers and responsive to a prede-
termined change in pressure differential between
the slipstream pressure and the dynamic pres-
sure adjacent each propeller for feathering the
associated propeller thereby to reduce the pres-
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sure differential -on .the .second-named means.
5. Tn an aircraft having a plurality-of laterally
disposed engines with controllable pitch propel-
lers driven thereby and a ccntrol surface, means
responsive to pressure differentials created by
unbalaneed thrust forces exerted by the propel-

Jers:for shifting said control surface-to-compen-

sate for the unbalancing, and metive means con-
nected to.said propellers and responsive to a pre-
determined change in pressure differential be-
tween the slipstream pressure of each propeller

and -the dynamic pressure adjacent thereto for
-feathering the assoeiated propeller thereby to

reduce :the -pressure differential on -the first-
named- means.

6. -In an aircraft-having a plurality of:laterally
dispesed engines with propellers driven thereby
and a control surface, first pressure responsive
means positioned in the slipstream of each of said
propellers, second pressure responsive means posi-
tioned adjacent each of said propellers for receiv-
ing the dynamic pressure of the airstream flowing
past said aircraft, means cemmunicating with
said first means and responsive to pressure differ-
entials therebetween for shifting said control sur-
face, and means communicating with the first
and second means and operatively connected with
its associated propeller and responsive to a pre-
determined change in pressure differential be-
tween said first and second means for feathering
the associated propeller.

7. In an aircraft having a plurality of laterally
disposed engines with propellers driven thereby
and o steering control surface, a plurality of
impact heads, one located in the slipstream of
each propeller so as to pick up the pressure there-
of, means in communication with said heads and
responsive to pressure differentials created as the
rasult of unbalanced thrust forces exerted by the
propellers for shifting said control surface to posi-
tions counteracting the turning tendencies re-
sulting from such unbalanced thrust conditions,
pressure responsive means responsive to a reduc-
tion in the pressure induced by one of the engines
due to failure of said one engine for feathering
the propeller blades of said one engine fo reduce
said pressure differentials and correspondingly
reduce said shifting of said control surface, the
last-mentioned responsive means comprising a
feathering control motor operatively connected
with each propeller and controlled by individual
pressure responsive devices responsive to the
difference between the slipstream pressure and
the dynamic pressure.

8. In an aircraft having g first and a second
engine together with a propeller driven by each
engine, a device for each propeller to change the
pitch of each propeller, and a control surface,
individual means for each propeller to actuate
said devices for controlling the pitch of each pro-
peller, said means each including an impacf head
exposed to dynamic pressure, a control unit and
& conduit extending from said head to said unit,
means for actuating said control surface in re-
sponse to an unbalanced condition caused by dis-
similar slipstream pressures caused by said pro-
pellers, the last-mentioned means including a
control unit with means operatively connecting
the last-mentioned unit to said surface, conduits
extending from each of the first-mentioned units
to the last mentioned unit, and impact heads ex-
posed to the prepellers slipstream pressure and
connected to the last-mentioned conduits so that
the slipstream pressure motivates the last-men-
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tioned unit and also influences the extent of actu-
ation of the first-mentioned units.

JAMES M. NISSEN.
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